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The invention refers to a method for producing silicic acid-containing gel particles with 
adsorbent and catalytic properties from a gel-forming hydrosol of an inorganic oxide. The goal 
of the invention consists of producing gel particles witha surface as smooth and hard as possible 
and with largely spherical shape. 

As is known, such gel particles are used in various ways, for example for drying gases by 
adsorption, as water-softening zeolites, as catalysts, etc., in particular as catalysts for conversion 
of hydrocarbons. In general, reaction vessels that are filled with the gel particles are used in this 
case, and a heavy hydrocarbon oil, for example, is passed through the vessel for conversion to 


2 

gasoline. Since the catalytic effect nfrtl , 

»« In order to obtain reasonably con^ou^l? ^ 11,6 will 
Prov,de a number of reaction vessels J^T " " °' "* nece ^ <° 

- <° aeration. Tbis ,s a com • a^I IT?* ^'^ '° "°" " 
confnuous operation for such processes that ^ "* ^ ""P"^ 

* <° a reaction vessel, from which the catalyst g m ^ VKSel ^ -nding 
been regenerated. ms circuIation p ^ ^ * ^ ~ * «- reaction vessel after it has 
- .0 considerable abrasion,. « * 

due to pressure and shock. ■ « 'Parucles flat arenot sufficiently strong can crumble 

In producing gel parades form ... 

Pamcles. In &h case ^ „ J™ <«*» n P m order to obtain the desired gel 

Panicles of the si 2 es mat are ^^Z^l * ^ » °* - 
^w„ proposa, provides for moM * ~ * -Its » a great deal of loss. Another 

retires costly mol ding eouipme!, the CO nl T "* " ™" 

considerable costs. K „a,,y divding ttel 2 "T™ ^ * *« ™ to 

very complicated, is also known. * ^ ° U mol<ta S "Potion, which is likewise 

With the method in accordance with th. • 
divided into individual droplets, is m« ~ e hydrosol, wln.e being 

w,™ water and the hydrosol, which is kept auTem J " 7"°" ^ *" » 
hydrosol and in which the droplets remain ™n7 ' ^ ™ ° f 

hydrosol to the hydroge, withm me Z 7 * 

tension compared to the medium, have awT " ' " ' ° f surf ace 

hydroge, that forms and, after drying th^ - tta, me 

™e term spherical form here sho^oTuT 7 * * «»» ° f *™" *»» 

fattened or fta, spheres, where i, is c™"^ ' " ^ -P- -h as 

uniform surface. This form of ge, partic el n 1 *5"T ^ P "* ta 2 »~* 
- possibilities, regardless of whemer ^ ** *" ^ ™ «*« 

catalysts. The spherical gelpartic.es tlZ^ 8 ^™™ 1 
™ i' - impossible ,„ form channels wil ^v t^ " 
vapor to be treated can flow a, an e,evat^2 1 T~ * 
reactton vessel to regeneration vessel and back' ,h ^ drCU,atfa « 

uniform flow of the catalyst ' 5 " henMl sha P e *-™tees absolutely 


into a 2 S ° ^ ^ iS — 

particles after reaching ,h w,, T " P""*' WMe * e ** 

Seneration ,f C^XJ^T * 2 ** °' ^ ^ - '*« 

concentration and mixture ratio „ r rhn ? * °' her ln a mxin 8 ">°^. where the 
-«ut^^^^ 

compieted before the droplets leave tie oil layer Instead i, f T S " ^ * 
example, c^de potassium, kerosene, etc., as L « iurn T h „ ? f " *° ** 
into a gaseous atmosphere or into a^ so to a LlTd ^ " C ™ * 

chemica, properties of 4 ^ T H " ' '° ^ *" *** » 

particles are intended to be k, ♦ • dependent, for example, on how the 

is intended to characterize thi, d«, WP " S!,0n "^"^ *y" which 

—real.eahc^^^^, such^Sp^^ 


Figure 5 she , ..ne gel particles. 

A. bo,;: 4 ^—'e liquid in atMkU via a 

• - ra nx 1 1 is a water layer whfrh f rt ^« 
upper houid. Water i - , i:inuously ' * » fornts , separanon p , a „e 12 wia ^ 

separating plane 12 j s ,- a ntained bv „ • em0ved Vla outlet The 

respectto the densjtv . ^ SllTT f " S,, ** ,,, * "* ^ ° f 9 Wi * 

-■able washing and :,at m eTd " t^ " * ^ h ° te 14 - » *> 

wash medium and ca~ o ^n applria^ ^ ^ *" *" ^ » 

«" flutter processings '~ *««» «« « '"'ended ,o have an effect in 

«* «o feed a cental st J ^ ° &r W mixing of two solutions 
surface 16 of the w-.'-JZl? " S0 ' U,, ° n to,hM P rod »«d "nder .he 

liquid, but in this case the drooler, „n fi » Y PS ° nt ° the surface of Hie" 

♦u- p tsCMflatte noutandcontrr.lnf^^ , • 

this control, incidental!^ care must be taken ft* «• r Pl6t SIZ£ is diffcuIt - Wi * 

in positioning an impact p.ate at the no^e ou t Frtb ^ m ° difiCati0n f<>r ^ C °°™ 
specific gravines and viscosities of ae ^ f ^ * *• k on the 

via tubes , 7 and ,8 a ch^b " t^ta ^ ** " » ™ ed 

°f a. leas. app r „ ximaWv , 700 t m b v l a T * ' ' * * ™ b >' ^ 20 a, a speed - 

of a four-sided metal rod who ^ IT * TT ^ ^ R °<» » <*^» 

- a guide for it. The ro „„ de ZTJZX V* "* ° f ^ ^ «« 

•wo solutions into each other J^l'Z w ^T' ^ di ^«- 

^™e fl u« 3 r,heh^^ 

-ne. Hehca, grooves for this purpose aJe shl™ TZT^Tr ^ " "* 
m.xmg nozzle is achi ; ,;d when the speed, of Z 21 m F '?« 2. The best action of the 


consist m T mM ** ^ bC U ~ f With "» »°-les in Figures l , 2 and 3 

«ir g r f 2«r^ s s desi T for ™ upwardiy d,rec,ed a ™ ° f c °»°^ 

•he gel partides known ™ *°* ^ "» « »« ^ 


Example 1 


A solution of sodium silicate, which contained IfK o «;;n i. 
sodium silicate (28.7% Si0 2 8 9% Na m Th i 2 P P"™* 1 from 

which contained 34 1 ^ M ^ n^t, ™ 3 MCOnd S ° taion - 

solution to oJol^ Zt ' 2 0< ^ *"> " 3 ^ ° f 1 TO ' Ume ° f *« 

^column,™ 

water 1 aft * ' fr0m "» bottom ° f *■ t a stream of 

Z j y were ^ washed with wa,er » d ^ ««- » « 

essentia,,;;^™; n ^ ^ ^ <*« « 82 ° ™« ^ g e was 


For the above concentrations and reactant ratios thr 0 „i fx ♦■ ■ 
while the nP „,„o < o r, «iwani ratios the gel formation time was about 1 0 sec 

while the pH was 6.9. The gas oil that was used was a fraction of Okhhnm, ru 
boiling range from 244 375° ^ a t • . Oklahoma City gas oil with a 

s i 0 c ii om z^4-j /5 and a specific weight of 0.846. 

Example ? 

n txample 1), while the second solution contained 27.10 g A1,(SQ,), and 19 95 o H <:n 

Example 3 

and ,h ThiS EXamPk 15 COnCemKi Prepami0n °f Really shaped silica gel particles 

and the, conversion to a cracking catalyst. The g=, formation time for the oncentra&L and 
proportions of the reactants given below was roughly 30 sec, while the pH wH 5 7 

silicate !" ^ JIT ' W " " * e PreParali ° n ° f ** A S ° M » * «*■» 

«hca,e that contained ,06.3 g Si0 2 and 33.0 g Na 2 0 per liter and tha, was prepared by dilute 

sodium sUicate as before was precisely measured and continuously fed via Let 8 ofit 

c^er .while a measured solution of 3.90 norma, hydrochioric ^ Z Z £L ,y ? 

3 m llr , S Uti ° n - ^ C ° 1,0idaI sota,i °" «* from above into 

JZt^l " ° f Pe,ro,eUm ° U ** W " r00m -P"*™ -d had a viscosity of 

is » rrr washed hydr ° sei was pm ° vOTighi - * •«« <* 

b" r 6 S ° ,U,i0n W " ^ ° ff ' ^aped 

™;rt b compIele ' ** 1115 ^ was comi ™ ed * » — g 

icmperarure up to 565 , which was maintained fnr ? h «i, • - 

maintained tor 2 h. The aluminum nitrate was converted to 


ta - Nevertheless, it Wffi foun & ; J 7 * in the drytng and s ^ ge (q 

oreaiong. A sxhcic ac d-alumina hv^^T P d nicies and pieces 

as *" 'nigral mass in the usual way. ™ P ' e 1,113 m *»« was allowed to solidify 

■n«o molds and dried in order to product ' nX " ! * «"»- 

-bjected ,o hardness tests, as have been Z ^ ltae «"° fo ™^ere 

—fP-iciesis.irredorsAe:; ^t^"^ 
«» Action facto, The particles p^^^t "f ^ " '° "» 
» one test, whi,e «he cylindrical particles wer 8 ^wed asize reduction of 12% 

«» Particles produced by brea^ pro X ^ *** va,ue of 

wcrirro^ 

Prides, which resulted in only a small amo ' t If „ ^ ° f «*» of tie 

-erial tha, was smaller than I o^aTeri 80 » « P^uced only 0.3 % 

'"^"generalshcweJlossesoLC r J " S * ,i »«**»ta»*M.lta ■ 
showed losses of less than 0.25% per hoJr > " ^ ,he bes 'P«icles 


m Z 7of he i ^ *** **« from the capil,^ action a, the 

merucus of the hqmd phase when this phase retreats through the porous gel stracture The 
particles can he obtained as large as one desires, but for most purposes, especial^ 'Jlie 

parties are from 3-7 mm, where turns out that 5-mm particles are generally useable 
catalyst >T " fo "^™s. If, for example, a 

r™ a b 7 , " reaC ' i0n SaSeS ' Part, ' CleS ^ » ^eter of ,ess thm 

0. 1 mm can be produced. Nozzles with small orifices are advantageously used when the eel 
Ration ta.es place in a liouid medium. For example, any of the nozz, s thatl^™ an be 

ive ^ fb ? f ' S f ^ h ° WCVer ' &tqUen " y Pr ° dUCe de " 0sits of * in the nozzle 

a co , d : 7 f CqUMt ™ S ' r avoided essentially by 

feet! « Js 1 S , U t3keS S6Veral ^ '° S0Mify * — '^-rure and men 

,t soTd , mXMS ^ ^ °" * eI " tod ^P-ture. The heath,, of 

!. L r f li; cce, T se ' fonMtion in orto to obtain " *■ f — 


Example 4 


A water glass solution was prepared by diluting 12.4 kg sodium silicate with 7 9 L water 

issolvrng 387 g sodrum alumtnate in water to form 10 L of solution. These two solutions were 
rmxed „ a ratio of 1 00 volumes of the firs, solution to 67.8 vo.umes of the second T s Z 

it: ate so,ution was with 1224 nonMi -d in ;; a 

sTaTd T inmedia,e,y afterPrePara&n in °* r '° *» * - ll0ida ' ~ 
was fed from the nozzle rmxer mto me upper part of a gas oil layer that was 4 m deep and that 

i:* r at : 7 era,ure ° f 9s °- ^ 501 *• <* so,id ify 

This is the preferred preparation of particles with a diameter smaller than 0. 1 mm 

ZZu 3 6 rt inVeDti ° n ^ Wh0S = «" *™*» times a, room 

^ «"» 3 few ^ -d up to a few hours can be converted to 
sphencal particles by heating me so. for a predetermined period of time and men introducing it in 
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the form of droplets into a body of oil at elevated temperature, in which the sol droplets solidify 
This method is described in the following example. 

Example 5 

A sodium aluminate-sodium silicate solution prepared as in Example 4 was mixed in a 
nozzle mixer with 3.780 normal hydrochloric acid solution in an amount of 100 parts by volume 
of the first solution and 32.6 parts by volume of the acid solution in order to prepare a sol with a 
P H value of 3.4 and a gel formation time of 2 h at room temperature. The colloidal solution 
leaving the mixing chamber was pumped through a tubular coil in a 70° bath for heatin* The sol 
remained in the coil for 120 sec before it was introduced in the form of droplets into tiJupper 
part of a gas oil layer that was 4 m deep and was maintained at 95°. The droplets of the colloidal 
solution fall through the oil and solidify before they reach the water layer under the oil. The 
hydrogel particles were washed and then dried as in Example 1. 

Small particles are also obtained by size-reducing the particles to any desired size It was 
found that the gels maintain their hardness and likewise their high density after such size 
reduction. It was further found that a certain change in the apparent density derives from the 
denser layering of the particles. In practical production a considerable part of the product will be 
seen as waste, either because the particles do not have the desired size or are broken. This waste 
is well suited for the production of a hard gel by grinding, etc. 

The formation of particles in accordance with the invention in a gaseous medium is 
illustrated by the following example. 

Example 6 

An acid solution was prepared by mixing 3.5 parts by weight 100% sulfuric acid, 
7.9 parts by weight commercial iron-free aluminum sulfate with 15 molecules of water per 
molecule of salt and 88.6 parts by weight distilled water. A dilute water glass solution was 
prepared by mixing 44.7 parts by weight distilled water and 55.3 parts by weight sodium silicate 
(28.7% Si0 2 , 8.9% Na 2 0). These solutions were mixed in a nozzle mixer of the type shown in 
the drawing, in an amount of 137 parts by volume acid and 150 volumes of water glass with the 
formation of a sol, which in less than 1 sec converted to a solid hydrogel with 10 g silicic acid • 
and alumina to 100 g of gel. Immediately after mixing, the gel was injected at room temperature 
through an orifice into a larger vessel that contained air at room temperature. The resulting 
injection stream converted to small droplets of hydrogel, which were collected in a water layer at 
the bottom and after being removed were washed. Base exchange with 3% aluminum sulfate 
solution was then carried out; then washing and drying were again carried out as in the previous 
examples. The product consisted of small hydrogel particles with a cracking activity of 52.7%, as 
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solid panic, „ £ have o f \ **" * ^ 
no. have any flats cr^ t! '^ " ^ Md *« do 

very smooth J^i^™^ ° f ^ « P"*- -Hy also ale 

■leased tough the way these particles fracture * , ^ '° ^ " fcrtta 

characteristically shell-shaoed and rt, ^ <™sparency. The fracture is 

uy Mien snaped and the parnc es are translucent i„_ 
on the type of formation, for example on ,W , . ^sparent, which is dependent 

the type of treatment etc ^^T^^^^ 0 '^ 0 ^" 1 ^" 
molds, whtch essenti;, ' hlvt , e 7 * ge ' ~ * 

somewhat harder C^T ' andPhySi ° aI rf 4 are 

-ale up to 6 and hard' In 1^7^ " ^ ^ ^ *» 4 « «» «**■ 
hardened glass Th 2121 TT " * » «* ««* 

particles of the catalytic substance!! f C ° nVCTSi0n of Carbon, tie 

process the particles are in constant motion . a w * contia ^us 

that were used earlier rapidly crumble and product ^^Sf u " " 
catalyst is consumed. Even in the case of fiL h I Z tlm>Ush which 

forces. The particles have to be . 71 1 ™ SUbjKt to 

produces undesired abrasion. P ^ " the Ca,aiyst bed and <*« 

--^^^ 

o-aseandapp,,.™^ 


pamcles. rengaimeasuredinthis 

•musual for normally prepared J ^ * Purred and strengths of 135 kg are no, 
composite obtained using L^i of rZ s ; n PartideS ° f "* S ™ e *™«> 
*ou t 2.25 kg. It is possibIe ^ m fZ ^T B I m °' ded PMideS a ' 3 °f 
a maximum, bu, moIdmg under pK J^ ~ <° acflIeve a strength of abou, 9 kg as 
strength of particles in a mass tsLwise extraord 7 ^ ^ C "' Sinte «™ i » 

part, cles should resist a. least 140 kg/cm 2 Batch! I , ' " ' S Preftrred ,hat °» «-> of 
-is. a pressure of 2. 0 kgW and Jer F « " " been " fta < » — 
molded silica ge, catalys, in mass breatoaoM 7*™* °* ^ "* ' hat 

produced 4 S% flne particles> w^^^*^""*- of IS h ' 

is c„ mp , cte , y retained with h dT« ' * f PraCtiCal ™ «* * 
Prepared ge, particles are unifo m( „ ~™ 8 ' Pai ™ eS ' Anally, i, is 

important that the 

kernes poorlymoldedduringm ^ XTT '° ^ ^ P " ic ^ a par, 

apparent density oL £ ^ * » 

reduction, bu, it is „„, s imply , J^JZ™ " toectim - *» resistance to si* 

intended to indicate the weigh, T^^ TT ^ ^ *™ "~ density" is , 
Parole, » „ detemiined ty.^^'"" T 10 ™ ttal «■ *» up by the mass of me 

'arge diameter cyhnderproledtmamea ^ WtaM * ""**«• **««» * 

measurement mark, an/the wti " ^ UP *° a ^ 

weigh, of the measurement J^^l ^ *°°> «» ^rence of me 
these parses varies between 0 .5 «^ ^ * ^ " density of 
- 0-3 gW can indeed be made _ „„, * parti «- with apparent densities as ,ow 

apparent density of about 0 55 g/cm' H,„h ,7 anS ° n - m ° !ded S eI P"*** dually have an 

g/cm . ttgher dens.„es up to abou, 0.75 gW are possible only 
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//insert table// 


Ke y ; 1 Catalyst composition 

2 Apparent density 

3 Activity 

4 of catalyst 


atmospheric pressure and in an amount of 1 .5 volumes of li 1 1 , 2PP ™* 

hour with 10 min of operation between regenerates ^ Per 

ty, rather only to be a basts for comparison for evaluation of catalysts. It 
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.he convers.cn of the gas oil J ^ " « d "* «*°*»" ^n 8 processus In 
A less active ca«a,yst in genera, gives q X <»~ or pressure, 

low-activity cata,yst, on ae basis of (h s ,^ * lds ™^™r, severe conditions. A typica, 

Start '~ aI - «* ««-« P-ure and the sam e olnT "1 1 " W " h ^ "™ 
Catalysts for the conversion of w . temperature is 482-510". 

-rding to the above test, ^r ^^T ^ ° f * »r ™re 

conditions, cataivsts with activities of! 7Z t 2 7 r- ~ " 3 ™» ° { — "n 
have an activity 0 f not less tl)an 40% ™ a ««<l. Preferably, the catalyst should 

The densty f h 

-verted vapor. When the preferred Z " °"' 

- a fixed or moving bed, the amount 0 f ftis *» -vention is used 

« c» -en be per„iss ibl e tha, may depatfwinuLT ^ " "Ordinarily small, and 

residues after separation of the JLT , ! '° be colhcto4 with «* <arry 

, Arabic to sepa.te the When in the meanwhile it is 

catalyst is suspended in the vapors seoatti " *" ° f PTOKS « » «hich the 
^Preferredcatalystsinaccor^ .^^T^^^^ 1 ™^* 
divided ma «enal. These preferred ca,al«s h v7 S ^ tim of te 

^^a,soaffec te te ffl ~:^T ' ^ rf «^<*»0.7 

depostts axe burn, out with preheated air In somToT ^ ^on-containing 

*a. arises in this highiy ^£ c ^ Pistons must be made that the hea, 

ca.a.ys, denser catalyst nZ sT^ ZT * ^ **« « «» 

«« -on accommodate more hea, ' witS^ "* "*"" ** ™ ^ 
o^rheat-regulatmgpartsinfep,^ ' ^ '° ^ ^ 

■Claims 


*e fact ma, the so,, whi,e being S ^1 ' 7 IT*"* is ^acterized by 

spherical shape, is introduced into a mil ^ "* ° n 3 more « 

- *<P< a, a temperature under kZ^ZT 7^ ^ ™" " * that 
Sel formation is complete ? P ° f ** in «** droplets remain unti, 


ft. oil ,ayer by fo * rj^^ ^ » «* <* droplets pass 

the droplets rise upward through ^ ™ ^ ~* » d *** - »d- a water ,a yer , so 

* ^ f °™^ *■ P-ides, aft* teachin^^" ^ " * f ~ «*« P-, 
within this layer. S layer - ^ re ™ved by a (low of water 

4. A method as in Claim c 1 n , t - ■ . 

5- A method as in Claims 1 4 • u 7 Q gaSe ° US medium - 
6. A method as in Claims i * „u- u • , SI ^ aros °i- 

droplets go diredy into the water-imrni^ible ^ T " * m ' Xmg *° m whid > «* sol 

•»*>■«. fflet " Um - " y msertin S ae mixing nozzle i„,„ 



